X-band EPR measurements of N i-doped BaZnF4 crystals revealed presence of three centers. Well-resolved hyperfine structure from nuclei at suitable orientations allowed assignment of the most intense spectrum to single ions on Ba sites. The occupation o f Zn sites is considerably lower. The third spectrum is assigned to pairs of N i2+ ions on adjacent Ba sites. Attempts to correlate the zero-field splitting (ZFS) patterns of the single ion spectra with the distortions o f the first coordination spheres of Ba and Zn resp. with a single intrinsic ZFS param eter for both bridging and nonbridging ligands were equally unsuccessful as in the case o f M n2+.
Introduction
EPR data for the d 8-ion N i2+ in solids are still rather scarce, but numerous successful correlations of the zero-field splitting (ZFS) patterns for the d 5-ions Mn2+ and Fe3+ with the distortions o f their first coordination spheres by application of the superposition model (SPM) [18] have stimulated analogous tests for non S-state ions also. Com parison of the available data for N i2+ and M n2+ in the same lattice sites in Table 1 shows the ZFSs to be on the average about two orders o f m agnitude larger for N i2+. If these ZFSs are also largely determined by the geometries of the ligands (this has been questioned for all non S-state ions for theoretical reasons [19] ) much larger intrinsic ZFS parameters b2 (i.e. ZFSs per unit distortion) are required for N i2+ than for M n2+. A rigorous test requires either investigation of a larger num ber of systems with axial site symmetries for the same ligands or more detailed investigation of systems with lower site symmetries for which the orienta tions of the principle axes are not completely fixed by symmetry. The dependence of the intrinsic ZFS parameters on bond distance also has to be deter mined in the same type of experiments. Judging from uniaxial stress measurements for C r3+ [20] it may be completely different from that for M n2+
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and Fe with a R dependence. With this back ground in mind we investigated the system BaZnF4;N i with monoclinic (Cs) point symmetries for both Zn and Ba [21] . Corresponding data for M n2+ are already available [22] , 
Results and Discussion
A crystal with 0.55% Ni per Zn grown from the melt analogously to the Mn-doped ones [22] was investigated at X-band and room tem perature. The spectra were rather complex as shown in the example in Fig. 1 and in the rotational diagram in Figure 2 . They can be assigned to three different centers which are marked by different symbols. Well resolved hyperfine structures were observed for some transitions which aided in the assignment of the three spectra. In the spectrum of lowest intensity a septet hyperfine structure (Fig. 3) indicates a sixfold coordination by fluorine and thus occupation of Zn sites. The intensity ratios of the central transitions are considerably lower than calculated for six equivalent nuclei, but this can, at least qualitatively, be ascribed to the monoclinic site symmetry with five different bond distances. The spectrum of highest intensity with principal axes about 1 2° from the b-and c-axes must then be due to N i2+ on Ba sites. No hyperfine structure could be detected in this spectrum, most likely as a result of the very irregular coordination by 11 fluorines with bond lengths ranging from 264 to 339 pm (compared to 196 to 211 pm for the Zn site). The at least nine hyperfine components present in the spectrum of medium intensity indicate presence of eight or more ligands. This center has the same orientations of principal axes as the N i2+ on Zn sites with angles of about 30° to b-and c-axes. It can only be due to pairs of adjacent N i2+ ions. Since the Ba sites are preferentially occupied, only pairs with at least one ion on a Ba site can be expected to occur in sufficiently high concentrations. The sym metry of the spectrum with the a-axis as one of the principal axes imposes further restrictions. The possibilities listed in Table 2 remain. While the first three combinations lie in the b -c plane, the third one is aligned along the o-axes. The observed spectrum is seen to be best compatible with occupa tion of two adjacent Ba sites as also expected from the intensity ratio of the single ion spectra. The spin-H am iltonian param eters and direction cosines of their principle axes for the single ion spectra are listed in Table 3 .
A comparison o f the experim ental ZFS patterns with those calculated from the distortions o f the Ba and Zn sites does not lead to a satisfactory agree ment. For a power law dependence of b2 with exponents of 7 and 4* the a-axis is found to coincide with z and y resp. for Zn and Ba sites, x is 25 and 21 0 from b for Zn and 59 and 58° resp. from b for the Ba sites. Thus also a further reduc tion of the exponent does not result in significantly better agreement of the orientations. W hile con siderable local relaxation may alter the local geometry for N i2+ on the larger Ba sites, the ionic radii of N i2+ and Z n 2+ are sufficiently sim ilar to make larger relaxations unlikely. It may well be that like in the case of M n2+ [22] ** different values of b 2 have to be used for bridging and nonbridging ligands, but with three adjustable param eters (6 2 (br), ^2(nbr) and exponent t2) and possible local relaxations of the Ba site a rigorous test of the validity of the SPM for N i2+ is hardly possible. The ratios of the axial and rhom bic ZFS param eters for N i2+ and M n2+ are ± 22 and ± 21, lower than the value for fluorides in Table 1 . The orienta tions of their principal axes differ considerably, but this could be due to a considerably lower exponent for N i2+ and/or a different ratio of the intrinsic ZFS param eter for bridging and nonbridging ** An attem pt to explain the ZFS pattern for M n2+ with occupation of Ba sites was unsuccessful although the absence of resolved hyperfine structure due to fluorine even at 20 K would be better com patible with occupation of this site.
ligands. It can thus not be taken as an indication for breakdown of the SPM for N i2+, but a test of its validity must still await investigation of more suit able systems.
